1. Introduction {#s0010}
===============

The current public health burdens caused by chronic disease cluster are associated with sedentary lifestyle and unbalanced diet.[@bib0010] Studies have shown that increasing individual levels of physical activity (PA) by exercise intervention is effective for reducing insulin resistance[@bib0015], [@bib0020], [@bib0025], [@bib0030] and adiposity;[@bib0035], [@bib0040] especially among populations with sedentary lifestyle and obesity.[@bib0040] However, such studies are still facing the challenge in terms of whether the subjects would maintain the PA level after the discontinuation of the organized exercise and whether the benefit gained from exercise intervention remained after intervention over time.

To date, the results of whether the benefit from exercise could remain after exercise intervention are still inconclusive. Some studies have shown that lifestyle intervention including exercise can prevent or delay progression to type 2 diabetes,[@bib0025], [@bib0030], [@bib0035], [@bib0040], [@bib0045], [@bib0050], [@bib0055], [@bib0060], [@bib0065] and that effects persist even after the intervention is stopped.[@bib0055], [@bib0060], [@bib0065] These positive results are mainly from long-term interventions. However, other studies showed that the participants who initially lost weight following lifestyle interventions gradually regained weight by the end of intervention.[@bib0040], [@bib0070] One of the main reasons for the loss of the health benefits from exercise is that weight loss is in a dose--response of exercise fashion.[@bib0075] One study has shown that more than half of the obese and diabetes patients involved in an exercise program did not maintain the same level of PA at 6 months after the intervention.[@bib0080] A decrease of exercise is accompanied with weight regain, even for those who have previously succeeded in loss their weight over time.[@bib0085] Therefore, relationships between organized exercise interventions, their cessation, and the maintenance (or lack of) long-term health benefits remain incompletely defined.

The present report aimed to address the following issue: when considering "Exercise is Medicine" for diseases such as impaired glucose metabolism, can the benefit of "Exercise is Medicine" on insulin resistance and central adiposity be maintained after discontinuation of interventions during prolonged follow-up? We reported outcomes based on 2 different studies. Both studies had used same exercise type and intensity; however with different duration of intervention in overweight/obese (OWOB) women.

2. Methods {#s0015}
==========

2.1. Subjects {#s0020}
-------------

The study subjects were from 2 independent studies with similar aerobic exercise (AE) intervention program that were introduced elsewhere.[@bib0090], [@bib0095] Briefly, for the purpose of this report, only those in the exercise group with both pre-intervention and follow-up assessment results were included. Study I included 15 OWOB postmenopausal women (body mass index, BMI = 24--33 kg/m^2^, aged 52--65 years) with pre-diabetes who have completed an 8-month exercise intervention and followed for 2 years. Study II consisted of 12 OWOB premenopausal women (BMI = 25--35 kg/m^2^, aged 30--50 years) participated in a 6-week AE and followed for 4 years after onset of intervention. Studies I and II were approved by the Ethics Committee of Shanghai Institute of Nutrition (No. 2013--003) and the Ethical Committee of Central Finland Health Care District (7/2011 OTE), respectively. Written informed consents were obtained from all subjects prior to the assessments.

2.2. Background information {#s0025}
---------------------------

Background information including medical history, current health status, and level of PA was collected via self-administered questionnaires and was described elsewhere.[@bib0090], [@bib0095] For this report, the level of PA in terms of hours and times per week was only considered unsupervised exercises because subjects participating in supervised exercise sessions was similar. The inactivity (IPA) was defined as amount of hours spent sitting and lying down including sleep per day.

2.3. Anthropometry and fat mass (FM) {#s0030}
------------------------------------

Anthropometry and body composition were assessed in the morning after 12-h fasting. Height was determined using a wall-fixed measuring device, and body mass using a calibrated scale, and from these, BMI was calculated. In study I, a dual-energy X-ray absorptiometry (DXA Prodigy; GE Lunar Corp., Madison, WI, USA) was used to estimate FM of the whole body and abdominal android and gynoid regions. Precision of therepeated measurements of FM expressed as coefficient of variation was on average 2.2%. In study II, a bioelectrical impedance analysis device (Inbody 720; Biospace Co. Ltd., Seoul, Korea) was used for determining FM. Precision of the repeated measurements of FM expressed as coefficient of variation was on average 0.6%.

2.4. Insulin resistance {#s0035}
-----------------------

Venous blood samples were taken in standardized fasting conditions at 7:00--8:00 a.m. Plasma samples were used to assess glucose and insulin and explained in previous papers.[@bib0090], [@bib0095] The homeostasis model assessment of insulin resistance (HOMA-IR) index was calculated as (fasting insulin concentration × fasting glucose concentration)/22.5.[@bib0100]

2.5. Exercise intervention {#s0040}
--------------------------

Both studies used the same exercise program.[@bib0090] Specifically, for exercise intervention, supervised exercise program (mainly aerobic exercise such as Nordic walking plus stretching and other group exercise) based on the recommendation for sedentary adults was implemented.[@bib0105] The supervised exercise program was progressive and variable and was monitored by an exercise researcher for 2 times a week during the course of the study. The other 1--3 times of unsupervised exercise sessions were performed by participants themselves according the instruction. The intensity of exercise was increased from 60% to 75% of the maximum oxygen uptake (estimated from fitness test) and the duration of exercise was increased from 30 to 60 min per session, and the frequency from 3 to 5 times a week. The exercise intensity was monitored by using heart rate monitor (M5; Suunto, Vantaa, Finland) in each supervised exercise session and monthly 1 time during unsupervised sessions. The exercise protocol was updated weekly in study I[@bib0090] and monthly in study II.[@bib0095]

3. Results {#s0045}
==========

In study I, the changes of unsupervised participation in PA/IPA in terms of hours and times per week and hours per week in sitting and lying down, and body weight and FM are shown in [Table 1](#t9000){ref-type="table"} . The unsupervised exercise sessions significantly increased during intervention (*p* \< 0.01) but reduced after the discontinuation of intervention. When taking into account the supervised sessions, the amount of exercise decreased after intervention at the 2 years follow-up. During the intervention, 61.5% of the subjects increased the amount of unsupervised exercise and the remaining 38.5% did not change. After intervention, only 53.8% maintained their exercise participation as during intervention and the other 46.2% decreased their exercise time and frequency.Table 1Body weight, fat mass, and physical activity/inactivity during aerobic exercise intervention and follow-up.Study I (*n* = 15)Study II (*n* = 12)BaselineInterventionFollow-upBaselineInterventionFollow-upWeight (kg)69.9 ± 6.468.8 ± 6.469.5 ± 6.179.7 ± 9.179.2 ± 9.179.5 ± 10.0BMI (kg/m^2^)27.6 ± 2.627.2 ± 2.627.3 ± 2.628.1 ± 2.128.0 ± 2.028.1 ± 2.4FM (kg)26.1 ± 4.125.2 ± 4.025.5 ± 3.822.5 ± 1.222.3 ± 1.222.5 ± 1.4IPA (h/day)14.4 ± 2.715.5 ± 2.815.5 ± 3.016.5 ± 3.8---16.6 ± 3.1PA (times/week)1.67 ± 0.983.40 ± 1.40[\*\*](#tn9000){ref-type="table-fn"}3.00 ± 1.402.15 ± 0.75---2.71 ± 0.85PA (h/week)1.70 ± 1.103.10 ± 1.80[\*\*](#tn9000){ref-type="table-fn"}2.50 ± 1.802.90 ± 0.97---3.48 ± 1.25[^1][^2][^3]

There were no significant changes in body weight and whole body and lower abdominal FM. Interestingly, the upper abdominal FM at the android region decreased significantly after intervention (−6.1%, *p* = 0.021) but regained during the follow-up (12.8%, *p* \< 0.01, [Fig. 1D](#f0010){ref-type="fig"}). The HOMA-IR decreased significantly after intervention (−18.9%, *p* = 0.012) but attenuated during the follow-up (5.0%, *p* \> 0.05, [Fig. 1C](#f0010){ref-type="fig"}).Fig. 1Comparison of glucose (A), insulin resistance (B--C), and central adiposity (D) during 8-month aerobic exercise intervention and 2-year follow-up in overweight/obese postmenopausal women with pre-diabetes (mean ± SD). HOMA-IR = homeostasis model assessment of insulin resistance; FM~Android~ = upper abdominal fat mass at the android region. \**p* \< 0.05, compared with baseline; ^\#^*p* \< 0.01, compared with 8-month intervention.

A similar pattern was found in study II that after a short-term of 6-week AE, no significant changes were found in body weight and FM ([Table 1](#t9000){ref-type="table"}), while HOMA-IR significantly decreased (−26.7%, *p* = 0.046, [Fig. 2](#f0015){ref-type="fig"}), but the benefit relapsed after 4 years (no significant difference between baseline and at the 4-year follow-up).Fig. 2Comparison of glucose (A) and insulin resistance (B--C) during 6-week aerobic exercise intervention and 4-year follow-up in overweight/obese premenopausal women (mean ± SD). HOMA-IR = homeostasis model assessment of insulin resistance. \**p* \< 0.05, compared with baseline value.

4. Discussion {#s0050}
=============

Previous studies have shown that AE has not only a direct impact on body composition and weight[@bib0035], [@bib0040] but also affects insulin resistance.[@bib0015], [@bib0020], [@bib0025] The results of the current report were in line with these studies. Our study further showed that in pre- or postmenopausal women, both short- and long-term AE were effective to improve the insulin resistance without significant change in body weight. In the long-term exercise intervention, body FM was lost from upper abdominal region. However, all the benefits were lost after discontinuation of the intervention. Thus the "medical effect" of AE on glucose metabolism[@bib0070] and reduction of central adiposity[@bib0035], [@bib0110] would vanish if the "exercise medication" is stopped.

In study I, with 8-month AE intervention and 2-year follow-up, over 60% of the participants increased their amount of exercise time and frequency during intervention regardless of the supervised part of exercise sessions, while about half of the participants decreased their amount of exercise time and frequency after intervention. The reduction in amount of exercise is likely to be the main reason for the relapsing of the benefits from exercise in insulin resistance and regain in central adiposity. Previous studies showed that more than half of the subjects did not maintain their level of PA after exercise interventions stopped.[@bib0080], [@bib0085] Together, these results indicate that changing lifestyle from sedentary to active and maintaining the active lifestyle is needed to support long-term benefits.

The other interesting finding in the report is that there was no significant weight loss in both studies. The body weight kept relatively stable even after 4 years. Early study showed that a short-term (4 weeks) AE decreased hepatic and visceral lipids without weight loss in previously sedentary obese men and premenopausal women.[@bib0115] In our short-term exercise intervention study, we did not measure the central abdominal fat mass, thus we cannot know whether such short-term exercise could reduce the central adiposity. However, with 8-month AE intervention, central body FM declined significantly albeit without noticeable changes in body weight and whole body FM. These results indicate that short-term AE can mitigate metabolic risk and it may not be contingent of weight loss. Nonetheless, the regain of FM was even more substantial with 12.8% regain after intervention stopped. This observation is in agreement with a previous study which showed that reduction of level of PA would induce weight loss rebound.[@bib0120]

Despite similar observations from both studies, we acknowledged the sample sizes for both studies are relatively small and cannot entirely rule out type II error. However, the advantage of this report lies on the fact that the studies\' subjects are from 2 completely populations. The results from one study could be considered as validation for another study. In addition, the exercise programs used in both studies are the same in type and intensity albeit with different duration. This indicates that the health benefit already can be reached even with a short-term of 6 weeks exercise, i.e., longer programs are not required to reap benefits. This result, to some extent, could encourage participants to keep on with interventions since the most difficult lifestyle intervention is sustaining in the beginning for overweight/obese people.[@bib0125] Nonetheless, as we have robustly shown in the present 2 intervention/follow-up studies, maintenance of PA long-term is needed to sustain these benefits.

To sum up, aerobic exercise is effective to reduce insulin resistance and central body FM without noticeable whole body weight loss (albeit some shifts in body composition with long-term AE). However, when exercise is discontinued, the beneficial effects are lost both short-term in premenopausal and long-term in postmenopausal women. Thus maintaining exercise seems to be required if one wants to reap the benefits of exercise in the long-term.
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[^1]: Notes: Study I = 8-month aerobic exercise and 2-year follow-up; Study II = 6-week aerobic exercise and 4-year follow-up.

[^2]: Abbreviations: BMI = body mass index; FM = fat mass; IPA = physical inactivity; PA = physical activity.

[^3]: *p* \< 0.01, compared with baseline values.
